Magnetic resonance imaging (MRI) allows the diagnosis of adenomyosis in vivo with a high sensitivity and specificity. Usually the diagnosis of adenomyosis is obtained from women in their fourth to fifth decade of life. However, recent data suggest that adenomyosis may develop much sooner in life, particularly in women with endometriosis. In order to test these suggestions, MRI of the uterus in 227 women with and without endometriosis was performed and the results were related to the age of the subjects (age groups: 17-24, 25-29, 30-34 and >34 years). The study revealed that the process of the development of adenomyosis, represented by an increased diameter of the dorsal junctional zone of the uterus as the imaging correlative of the invasion of basal endometrium into the junctional zone, had already commenced early in the third decade of life and progressed steadily during the fourth decade in women with endometriosis. Women without endometriosis showed almost no signs of adenomyosis up to the age of 34 years. Surprisingly, parallel in both groups of women, a marked increase in the incidence of adenomyosis could be observed beyond the age of 34 years, thus representing a common phenomenon in the age-related pathophysiological continuum of adenomyosis.
Recently, on the basis of correlation studies, imaging criteria have been established with respect to magnetic resonance imaging (MRI) that allows the diagnosis of adenomyosis in vivo (Hricak et al., 1983; Brosens et al., 1995 Brosens et al., , 1998 Reinhold et al., 1998; Kunz et al., 2005) . When compared with histology, MRI represents an accurate technique for the detection of uterine adenomyosis with a high sensitivity of 53-89% and a high specifity of 65-98% (Ascher et al., 1994; Reinhold et al., 1996; Bazot et al., 2001; Dueholm et al., 2001) . Uterine adenomyosis itself presents in MRI as a hypo-intense diffuse broadening of the predominantly dorsal (Zaloudek and Norris, 1987; Ferenczy, 1998) junctional zone (Brosens et al., 1995; Kang et al., 1996; Reinhold et al., 1998; Kunz et al., 2000 Kunz et al., , 2005 Tamai et al., 2006) . This is because adenomyosis itself results from the invasion of basal endometrium into the underlying myometrium (Bazot et al., 2001 ) as a disease of the archimetra, the latter consisting of the endometrium and the subendometrial myometrium or archimyometrium (Leyendecker et al., 2002 Noe et al., 1999; Bazot et al., 2001) . This assumption is supported by the finding that the peristromal muscular tissue of the adenomyotic lesions is paramesonephric in character and homologous to the archimyometrium or junctional zone (Leyendecker et al., 2002) .
Introduction
suggested that adenomyosis may already develop during the early reproductive phase of life, frequently in association with pelvic endometriosis (Kunz et al., 2000 (Kunz et al., , 2005 Vercellini et al., 2006; Zacharia et al., 2006; Kissler et al. 2007a,b) . This study used MRI with a large study group of 227 women with and without endometriosis aged from 17 to 46 years, in an attempt to evaluate whether the process of the invasion of the basal endometrium into the adjacent myometrium, resulting in adenomyosis as presented by an enlargement of the junctional zone, might develop earlier in the reproductive phase of life than commonly known, and whether its prevalence can be related to different age groups. The rationale to perform the study was to present a comprehensive view of adenomyosis as a disease possibly affecting women all of ages during the reproductive phase of life.
Materials and methods

Patients
A total of 227 women with regular menstrual cycles (mean 28 days, range 21-29 days) aged 17-46 years (mean 32.5 years) entered this study after giving informed consent. Together with their male partners, they had a history of infertility prompting them to have a sterility work-up and subsequent treatment in the study clinic.
Of these patients, 160 women (mean 32.3 years, range 17-46 years) with a history of infertility of 1-13 years (mean 3.6 years) were suffering from endometriosis as demonstrated by laparoscopy. Almost half of these patients presented with minimal or mild endometriosis (n = 81) and the rest with moderate or severe endometriosis (n = 79), according to the revised classification of the American Society of Reproductive Medicine (American Fertility Society, 1985) . No additional factors responsible for their female infertility could be identified.
In the other 67 women (mean 33.2 years, range 21-46 years), no endometriosis or any other pelvic disorder was obtained from laparoscopy. These women were termed the healthy controls.
Patients with irregular menstrual cycles, bleeding disorders or abnormalities of the uterine structure such as fibroids or malformations were excluded from the study. MRI was never performed during menstruation, thus excluding a selection bias with respect to the measurement of the junctional zone (Tamai et al., 2006) .
Magnetic resonance imaging (MRI)
In all 227 women, the uteri were examined by means of MRI using the same techniques as previously published (Kunz et al., 2000 (Kunz et al., , 2005 . All diameters were documented by electronic calipers and expressed in millimetres and were obtained from the uteri in a mid-sagittal plane. All quantitative measurements were performed separately and independently by two investigators (GK, DB) who were unaware of the clinical symptoms, clinical data, diagnosis or data from other observers and there was always consensus with respect to the placement of the calipers.
In the mid-sagittal plane, the diameters of the subendometrial myometrium or archimyometrium (Werth and Grusdew, 1898; Leyendecker et al., 1998; Noe et al., 1999; Kunz et al., 2000 Kunz et al., , 2005 Leyendecker et al., 2002) and of the total myometrium on the height of the transition between the upper and lower half of the dorsal wall of the uterine corpus (Kunz et al., 2000 (Kunz et al., , 2005 were measured. Originally (Kunz et al., 2000 (Kunz et al., , 2005 , the length of the endometrium from the internal os towards the fundus and the length of the uterus from the internal os towards the fundal serosa, as well as the diameters of the total myometrium and of the archimyometrium of the anterior uterine wall, were also obtained from MRI. However, they revealed no differences.
The diameters as measured by MRI in women with endometriosis were compared with those of the women without endometriosis.
Statistical analysis
The statistical analysis was performed using Student's t-test and significance was assumed when P < 0.05 (Microsoft Excel; Werner, 1989) . Prior to the use of the Student's t-test, a test was performed (for further details, see Riffenburgh, 2005 ) that revealed a normal distribution of the data.
Results
The results are presented in Figure 1 . Table 1 lists the mean ages and standard deviations for each age group of women, revealing no significant differences between the endometriosis patients and the healthy control in each age group.
No differences were obtained with respect to the diameters as measured, except the diameter of the dorsal archimyometrium as published in all this group's previous studies (Kunz et al., 2000 (Kunz et al., , 2005 . Apparently, MRI revealed that women with pelvic endometriosis exhibited an increased diameter of the dorsal archimyometrium representing adenomyosis (Kunz et al., 2000 (Kunz et al., , 2005 very soon in their lives as compared with the healthy controls. Healthy women aged between 30 and 34 years showed no further increase of the diameter of the dorsal archimyometrium. In the corresponding age group of women with endometriosis, such an increase could be observed, consequently yielding a highly significant difference (P < 0.001, Figure 1 ). It appears tempting to speculate that the process of invasion of basal endometrial glands into the adjacent myometrium, i.e. adenomyosis, appeared as a pathophysiological continuum presumably starting during the second decade of life up to the mid-30s only in women with endometriosis.
However, beyond the age of 34 years, a surprisingly parallel and steep pattern of the curves could be observed. In this age group, both the endometriosis group and the control group increasingly developed an enlargement of the dorsal junctional zone representing adenomyosis (Figure 1) . The difference between the women with endometriosis to those without endometriosis in this age group with regard to the diameter of the dorsal archimyometrium or junctional zone remained quite stable and highly significantly different (P < 0.008). Discussion Hitherto, adenomyosis is mostly diagnosed from hysterectomy specimens usually obtained from women in their fifth decade of life (Parazzini et al., 1997) . Although Vercellini and co-workers (2006) assumed that the incidence of adenomyosis seems to rise from the mid-thirties, there is compelling evidence that adenomyosis is also present in even younger women and then is predominantly associated with pelvic endometriosis and infertility (Kunz et al., 2000 (Kunz et al., , 2005 Leyendecker et al., 2006; Zacharia et al., 2006; Kissler et al. 2007a,b) . Adenomyosis and endometriosis constitute, as a disease of the archimetra, a pathophysiological and nosological entity (Werth and Grusdew, 1898; Wetzstein, 1965; Leyendecker et al., 2002 Leyendecker et al., , 2006 Kunz et al., 2005; Kitawaki, 2006) . Both endometriotic and adenomyotic lesions form peristromal muscular tissue that has characteristics of the archimyometrium (Leyendecker et al., 2002 . The observation of an ovarian adenomyoma with thick muscular bundles corresponds with previous findings (Bayar et al., 2006) . The archimetra itself, consisting of the endometrium and the adjacent archimyometrium or junctional zone, is the organ responsible for basic reproductive procedures in human such as directed sperm and embryo transport and implantation of the blastocyst (Kunz et al., , 1998 (Kunz et al., , 2007 .
The advent of high resolution imaging techniques allows the documentation of and correlation with adenomyosis in vivo (Bazot et al., 2001) , and thus offers the possibility to elucidate adenomyosis in younger women. It is generally agreed that MRI of the uterus represents the best means in vivo of documenting the different layers of the uterine wall, particularly for adenomyosis (Hricak et al., 1983; Ascher et al., 1994; Brosens et al., 1995 Brosens et al., , 1998 Reinhold et al., 1996 Reinhold et al., , 1998 Bazot et al., 2001; Dueholm et al., 2001; Dueholm, 2006; Tamai et al., 2006) . The purpose of the study was to increase the reliability of the results by including a high number of women with endometriosis. Obviously, the relation between the number of women with endometriosis and those without the disease in this study does not represent the real percentages.
This study revealed the development of adenomyosis in all women as a life-long process. It seems reasonable to assume that, in women with endometriosis, this process starts earlier in life and even appears to accelerate (as shown by the increasingly significant difference) as compared with women without endometriosis and as related to the diameter of the dorsal archimyometrium representing adenomyosis (Kunz et al., 2000 (Kunz et al., , 2005 Leyendecker et al., 2002 Leyendecker et al., , 2006 . In healthy women, the development of adenomyosis usually appears to be restricted to an age of older than 34 years.
Diffuse adenomyosis was found in the posterior as well as the anterior wall of the uterus. On a large statistical basis, however, the posterior wall of the uterus was predominantly affected (Kunz et al., 2000 (Kunz et al., , 2005 , confirming previously published data (Zaloudek and Norris, 1987; Ferenczy, 1998 ; for overview see Vercellini et al., 2006) . However, early adenomyosis, i.e. subbasal adenomyosis (Bird et al., 1965) , might evade radiological diagnosis on the basis of presently established criteria.
The archimyometrium, as the innermost of three myometrial layers, surrounds the whole endometrium and is characterized by a predominantly circular arrangement of the muscular fibres (Werth and Grusdew, 1898; Wetzstein, 1965; Noe et al., 1999; Kunz et al., 2000) . The ontogenetically early formation of the archimyometrium is pertinent to its function that results from the fusion of the two paramesonephric ducts and their mesenchymal elements to form the primordial uterus (Werth and Grusdew, 1898; Noe et al., 1999) . The bipartition of the circular subendometrial myometrium in the upper part of the uterine corpus and its separate continuation through the cornua into the respective tubes is the morphological basis of directed transport mechanisms in the physiology of reproduction (Kunz et al., , 1998 (Kunz et al., , 2007 . In women with endometriosis, hyperperistaltic contractions of the uterine musculature, predominantly of the archimyometrium, and an increased intrauterine pressure could be documented (Mäkäräinen, 1988; Salamanca and Beltran, 1995; Leyendecker et al., 1996; Bulletti et al., 2002) . This process of muscular hyperactivity might start very early in the reproductive period of life in women with endometriosis. As a result, a uterine auto-traumatization further sustains an infiltration of basal endometrium into the myometrium, predominantly where the paramesonephric ducts have fused (Kunz et al., 2005; Leyendecker et al., 2006) . That traumatization might induce the development of adenomyosis is supported by the notion that intrauterine operative procedures such as hysteroscopically performed endometrial ablations or Caesarean sections provoke the development of severe adenomyosis (Vercellini et al., 2006) . Furthermore, a mouse model suggested that physical disturbance to the normal myometrium or the myometrial-endometrial junction in early life is also an important factor that predisposes to the development of adenomyosis in adulthood (Greaves and White, 2006 ). It appears reasonable to assume that, in women with endometriosis, this process of auto-traumatization may initiate the development of adenomyosis early in life and further support its progressive growth.
In all women beyond 34 years of age, the development and progressive growth of adenomyosis might be the result of a natural and quite physiological course of events with regard to the human menstrual cycle such as menstruation and uterine peristalsis. It is tempting to speculate that adenomyotic growth in women beyond 34 years of age represents a more or less physiological ageing progress of the uterus, which, however, aggravates the situation in women with endometriosis. Thus, it can be seen from microscopical and immunohistochemical observations of uteri, from fetuses to post-menopausal women,that the transition or junction between the basal endometrium and the adjacent subendometrial myometrium develops from confines that are as sharp as a blade to a structure that is characterized by multiple focal protrusions of the basal endometrium into the archimyometrium (M Herbertz, unpublished; Figure 2) . The older the uterus, the higher is the probability that adenomyosis will occur. However, this age-related progress of adenomyosis was paralleled by the women with endometriosis starting from the second half of the fourth decade of life.
There is evidence that adenomyosis causes infertility by impairing directed sperm transport and possibly oocyte maturation in younger women (Kunz et al., 2005; G Kunz et al., unpublished) . As shown by this and other recent studies, the chance of developing adenomyosis is increased in all women starting from their mid-30. Add to this the fact that, in highly developed countries, reproduction is often postponed to the fourth or even fifth decade of life. As a consequence, it appears reasonable to assume that, generally, adenomyosis may significantly contribute to the decreased conception rates as observed in this age group of women.
